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•• UniqueUnique to to deepdeep seasea oror oceanocean
•• DeepDeep seasea constitutesconstitutes ~62% of ~62% of oceansoceans

biospherebiosphere
•• BarophilsBarophils areare partpart of of thethe deepdeep seasea

biospherebiosphere





DeepDeep seasea

Pressures and temperatures of deep sea vary from place to place

GeographicGeographic areaarea TemperatureTemperature ((°°C)C) PressurePressure (MPa)(MPa)
(0.101 MPa = 1Atm)(0.101 MPa = 1Atm)

WeddelWeddel BasinBasin --0.50.5 45.645.6
Central south pacificCentral south pacific 1.21.2 50.750.7
Central Central northnorth pacificpacific 1.51.5 5151
PeruPeru--Chile Chile TrenchTrench 1.91.9 >81>81
Philippine Philippine TrenchTrench 2.482.48 101.7101.7
Mariana Mariana TrenchTrench 2.462.46 110.6110.6
Hydrothermal Hydrothermal VentVent 2 2 -- 380380 2525
HalmaheraHalmahera BasinBasin 7.547.54 20.720.7



BarophilsBarophils

•• TheThe termterm BarophilBarophil isis coinedcoined byby ZobellZobell and Johnson in and Johnson in 
19491949

•• Barophil Barophil 
BacteriaBacteria whichwhich growgrow preferentiallypreferentially oror exclusively exclusively 
at at moderatelymoderately high high hydrostatichydrostatic pressurespressures

•• BarophilicBarophilic bacteriabacteria / = / = PiezophilicPiezophilic bacteriabacteria
•• TheThe termterm PiezophilyPiezophily isis coinedcoined byby Yayonas Yayonas 



BarophilicBarophilic BacteriaBacteria

•• BarotolerantsBarotolerants ((facultativefacultative))
GrowsGrows at at pressurespressures fromfrom 100 100 –– 500 Atm500 Atm

•• BarophilicBarophilic ((obligativeobligative))
GrowsGrows at at pressurepressure fromfrom 400 400 –– 500 Atm500 Atm

•• Extreme Extreme BarophilicBarophilic
GrowsGrows at at pressurespressures higherhigher thanthan 500 Atm500 Atm



ExamplesExamples of of BarophilicBarophilic bacteriabacteria

BacteriaBacteria TemperatureTemperature ((°°C)C) PressurePressure (MPa)(MPa)

ColwelliaColwellia MT41MT41 88 103103

StrainStrain MT 199MT 199 1313 9090

StrainStrain PT 64PT 64 99 9090

ShewenellaShewenella SC2ASC2A 2020 1414

PhotobacteriumPhotobacterium
profundumprofundum DSJ4DSJ4

1010 1010

MoritellaMoritella PE36PE36 1515 4141

MoritellaMoritella JaponicaJaponica
DSK1DSK1

1515 5050

SchewenellaSchewenella BenthicaBenthica 55 4040



AdaptationsAdaptations to high to high pressurepressure

•• IncreasedIncreased bindingbinding capacitycapacity of of enzymesenzymes
•• Poly Poly unsaturatedunsaturated fattyfatty acidsacids in in membranesmembranes
•• PressurePressure controlledcontrolled genegene expressionexpression



Scope of studying the Barophilic bacteria

•• To determine the bounds of where life can existTo determine the bounds of where life can exist
•• To determine the properties of organisms that have evolved at To determine the properties of organisms that have evolved at 

particular values of temperature and pressureparticular values of temperature and pressure
•• To guide future searches for extraterrestrial life beneath the sTo guide future searches for extraterrestrial life beneath the surface urface 

of other planetsof other planets
•• Bacteria and enzymes can be applied to problems in Bacteria and enzymes can be applied to problems in 

Analytical chemistryAnalytical chemistry
Fermentation technologyFermentation technology
BioremediationBioremediation
Waste disposal methodologyWaste disposal methodology
BiotechnologyBiotechnology



MediterraneanMediterranean BasinBasin



MediterraneanMediterranean BasinBasin

Mediterranean Sea

• 2.5 million km2

• average depth of 1,500 m
• deepest recorded point is 5,267 m
• > 80% below 200 m
• abyssal plains ~ 3000 m

Characteristics:

• hypersalinehypersaline

•• anoxicanoxic

•• high high hydrostatichydrostatic pressurepressure



MediterraneanMediterranean BasinBasin

ProkaryoticProkaryotic cellscells areare presentpresent in in thethe brinesbrines

BUTBUT

littlelittle isis knowknow aboutabout theirtheir physiologicalphysiological
statusstatus



MediterraneanMediterranean BasinBasin

““Microbial Enzymes Mined from the Microbial Enzymes Mined from the 
Urania DeepUrania Deep--Sea Hypersaline Sea Hypersaline 
Anoxic BasinAnoxic Basin”” ((M. FerrerM. Ferrer et al, 2005et al, 2005))

Department of Microbiology
German Research Centre for Biotechnology  

Braunschweig



MediterraneanMediterranean BasinBasin



MediterraneanMediterranean BasinBasin
Microbial Enzymes Mined from the Microbial Enzymes Mined from the UraniaUrania DeepDeep--Sea Sea HypersalineHypersaline
Anoxic BasinAnoxic Basin ((M. M. FerrerFerrer et al, 2005et al, 2005))

Scientific approach:Scientific approach:

Is there new enzymatic diversity?Is there new enzymatic diversity?



MediterraneanMediterranean BasinBasin

MethodMethod
sampling

incubation

DNA extraction

esterase genes
expressed in E. coli

characterisation



MediterraneanMediterranean BasinBasin

Results:

•• esterases inactivated or esterases inactivated or 
•• not affected ornot affected or
•• activity increasedactivity increased

Effect of pressure on esterase activityEffect of pressure on esterase activity

Ferrer M. et al :Microbial Enzymes Mined from 
the Urania Deep-Sea Hypersaline Anoxic Basin. 
Chemistry and Biology, Vol. 12, 2005.



ExtremelyExtremely BarophilicBarophilic BacteriaBacteria
IsolatedIsolated FromFrom TheThe Mariana Mariana 

TrenchTrench



Pressure increases with 
one atmosphere for 
about every 10 meters

(one atmosphere is 
101,325 Pa; one bar is 
exactly 100,000 Pa).

Water pressure at the 
bottom over 1000 atm, 
that’s over 

one metric tonne per 
square centimeter.



UnmannedUnmanned DeepDeep--SeaSea submersiblesubmersible KaikoKaiko In In 
TheThe Mariana Mariana TrenchTrench, Challenger , Challenger DeepDeep, at a , at a 

depthdepth of 10,898 mof 10,898 m



DB21MT-2 DB21MT-5



TwoTwo strainsstrains of of obligatelyobligately barophilicbarophilic bacteriabacteria
in in thethe worldworld‘‘s s deepestdeepest sedimentsediment

DB21MT-2
• highly similar to Shewanella

benthica

• 70 MPa

DB21MT-5
• closely related to the genus

Moritella

• 80 MPa

Optimal pressure conditions for growth

!!! No growth at pressures of less than 50 MPa !!!





Piezophilic Piezophilic 
bacteriumbacterium

Escherichia Escherichia 
colicoli

Atmospheric Atmospheric 
pressurepressure

100100 atmsatms..

300300 atmsatms..

500 atms. 500 atms. 

The photo compares 
morphological changes of 
piezophilic bacterium and 
Escherichia coli. 
Escherichia coli live well 
under atmospheric 
pressure, 
but under higher pressure 
they do not proliferate well, 
and the cell elongates. 
Piezophilic bacterium 
grows better as pressure 
increases.
The pressures of 100 atms. 
and 500 atms. correspond 
to those at 1,000 meters 
depth and 5,000 meters 
depth of water, 
respectively. 


